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Abstract 
This paper deals with the fabrication of CNTFET obtained using carbon nanotube networks and with the utilization of these last 
as gas sensors. The method for depositing uniform and highly controlled density CNT  mats is spray-gun technique. Using this 
technique we have demonstrated that we can  achieve CNTFET with Ion/IOff  reproducible ratios of around 5/6 orders. These 
transistors have been subsequently exposed to Acetic Anhydride which is a heroin precursor, showing a very short response time 
and a recovery time, without heating, of around 30 minutes. In this paper are also shown preliminary results after exposure of 
CNTFET  to  subppm concentrations of DMMP and NH3 using two different metals as electrodes. In this case devices were 
obtained using drop-casting technique.        
 
1. Introduction 
This paper deals with the prove of concept of an highly selective gas sensors based on Carbon Nanotube Field Effect 
transistors (CNTFETs). Such devices exploit the extremely sensitive change of the Schottky barrier heights between 
Single Wall Carbon NanoTubes (SWCNTs) and drain/source metal electrodes: the gas adsorption creates an 
interfacial dipole that modifies the metal work function and so the bending and the height of the Schottky barrier at 
the contacts [1, 2, 3, 4].  . 
 
2. Sample preparation 
Considering that no cheap and rapid method, up to now, exists for separating semiconductor from metallic 
specimens, we decided to use SWCNT mats as transistor channel. The principal advantages are two. Firstly the use 
of SWCNT mats instead of individual SWNTs (facilitating methodology) results in percolation networks with a 
better overall electrical control of the system. Secondly, using Spray-gun technique we can achieve uniform and 
highly controlled SWCNT densities which allows us to obtain CNTFET with highly reproducible electrical 
characteristics reducing, at the same time, dramatically the final device cost. Systematical test results on our devices 
will be shown during the conference (IDS as a function of SWCNT mat densities or electrodes distance).  Spray-gun 
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 technique allowed us to improve dramatically results obtained using drop-casting technique. Actually, the principal 
issue for this technique was the so–called “coffee-ring” effect of the drops containing carbon nanotubes : CNTs had 
the tendency to be fixed on the border of the drop and so to produce a non-uniform mat. The number of operating 
transistors was consequently very low.    
After achieving CNTFETs using Spray-gun technique, we have studied the effect of the CNTFET electrodes 
(fingers) distance on Ion/IOff  ratio (Fig.2). We have obtained a law linking this two parameters, confirming the 
reproducibility of our results.  
 
To achieve CNTFETs, we have deposited SWCNT mats using an improved air-brush technique. Firstly, gold 
electrodes were fabricated using common metal deposition methods on an oxidized Si substrate (used as the gate). 
The electrodes were designed using interdigited configuration in order to maximize the chance to have SWCNT 
chains linking the two electrodes, with different channel width D (2, 5, 10 and 15µm). Secondly, using commercial 
SWCNTs from SouthWestNanoTechnologies, CoMoCat SG65 (90% of semiconducting SWCNTs), we have 
achieved, after a sonication and a centrifugation step as described in [6 -7], stabilized solutions using N-Methyl-
pyrrolidone (NMP) as solvent.  These solutions are deposited on the substrate, where the electrodes have been 
fabricated, using a spray-gun (Fig.1). The substrate is heated at a temperature higher than 202°C (evaporation point 
for NMP) in order to evaporate instantaneously the solvent droplets hitting the substrate. This last detail allows us to 
dramatically improve the uniformity of the SWCNTs mats preventing the so-called “coffee ring effect” (deposition 
of SWCNTs on the borders of the drops evaporated at room temperature) achieving mats with state of the art 
reproducible characteristics. 
 
Figure 1: IDS   as a function of VGS for CNTFET obtained using Spray-gun technique. 
 
Figure 2: Ion/IOff  ratio as a function of the finger distance for CNTFETs on the same chip. 
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 3. Tests using gases (drop casting technique) 
Spray-gun technique has been optimized only recently.  Previously we performed tests using sample obtained using 
drop-casting deposition technique. The gas electronic fingerprinting concept is based on the fact that the change of 
the metal electrode work function strictly depends on the metal/gas interaction and consequently the CNTFET 
transfer characteristics will change specifically as a function of this interaction (approach patented [5]). In a 
previous paper [6], we demonstrated that using Au, Pd, Pt metals we achieve a change of the transfer characteristics 
which is different for each transistor after exposure to 2ppm DMMP gas (DiMethyl-Methyl-Phosphonate, nerve 
agent-simulant) : we observed a current reduction of 90% for Pd, 80% for Au and 20% for Pt. To demonstrate 
sensitivity for subppm concentration, then we have exposed transistors obtained using Au,Pt and Mo to 0.5 ppm of 
DMMP.  
 
In this case, we have observed that the IDS  for Au, Mo and Pt, is reduced respectively of 60% (see Fig.3), 25% (see 
Fig.4) and 10% (see Fig.5) of their initial values measured in air for  VDS=1Volt. These results were obtained for 
VGS value of around -25 Volts. The three figures give an example of the trend followed by the CNTFETs with 
different metal electrodes : the same behavior is observed for all the tested transistors (20 for each metal) with an 
error of around 5% on the current reduction percentage (see Table1). 
 
To preliminary demonstrate selectivity of our sensor and thus the concept of “electronic fingerprinting” we have 
exposed CNTFET achieved using Pd and Au, to two gases, DMMP and NH3, which have the same “electron-
withdrawing” behavior. We exposed our array to a sub ppm concentration of 0.5ppm of DMMP and NH3 and  
identified two electronic fingerprinting which seems to definitively demonstrated the high selectivity of our concept 
also for gas with similar electronic behavior (results will be shown during the conference).  
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Figure 3 (left): IDS    (as a function of VGS) change after gas exposure for CNTFETs achieved using Pd for metal 
electrodes. 
Figure 4 (centre): IDS    (as a function of VGS) change after gas exposure for CNTFETs achieved using Mo for metal 
electrodes. 
Figure 5 (right): IDS    (as a function of VGS) change after gas exposure for CNTFETs achieved using Pt for metal 
electrodes. 
 
Table 1. Current reduction after DMMP exposure 
Metals IDS  current reduction % after 
exposure (1 ppm DMMP) 
Ti/Pd 90 
Ti/Au 65 
Ti 50 
Ti/Pt 20 
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 Table 1 : Summary of the results and number of transistors tested for each different metal electrode. 
 
4. Tests using drug precursors (Spray-gun deposition technique) 
 
Another important application related to security is the detection of drug precursors. For this reason we have 
performed preliminary tests using Acetic anhydride ((CH3CO)2O, an heroin precursor.  The results show, for 
example, a sudden change of IDS as a function of the gate voltage, after 10secs of around 30% of the initial current 
using Pd metal electrodes (Fig.6). In this case we observed a recovery time of around 30mins (see inset Fig.6). 
These tests will performed also using a heating substrate in order to study the de-adsorption time as a function of 
different chemical species and metal electrodes. Actually, de-adsorption time could be another parameter to improve 
selectivity of this kind of sensors. 
 All of our measurements have been performed at ambient conditions. New measurements of response after drug 
precursor (Piperonal, Phenylacetone) exposure, using different metal as electrodes, will be presented during the 
conference. 
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Figure 6: IDS    (as a function of VGS) change after  exposure after exposure to Acetic anhydride for CNTFETs 
achieved using Pd for metal electrodes. 
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